Schema matching is widely used in many applications, such as data integration, ontology merging, data warehouse and dataspaces. In this paper, we propose a novel matching technique based on the order of attributes appearing in the schema structure of query results. The appearance order embodies the extent of the importance of an attribute for the user examining the query results. The core idea of our approach is to collect the statistics about the appearance order of attributes from the query logs to find correspondences between attributes in the schemas to be matched. As a first step, we employ a matrix to structure the statistics about the appearance order of attributes. Then, two scoring functions are considered to measure the similarity of the collected statistics. Finally, an traditional algorithm is employed to find the mapping with the highest score. Furthermore, our approach can be seen as a complementary member to the family of the existing matchers, and can also be combined with them to obtain more accurate results. We validate our approach with an experimental study, the results of which demonstrate that our approach is effective and has good performance.
Introduction
Schema matching plays an important role in the realm of data integration, which is a solution to sharing multiple heterogeneous data sources through a unified access interface. In essence, schema matching problem refers to the problem of finding semantic correspondences, also called matches, between elements of the source schema and elements of the target schema. The match means that its two elements hold the same meaning or refer to the same object. The match is very significant for creating a unified mediated schema over multiple source schemas, exchanging data from one schema to another schema and sharing data in the similar domain. The schemas to be matched are typically designed by different developers which have different habits and experiences, so they often have diverse structures and representations, and this makes schema matching difficult. Besides, dozens of tables and thousands of attributes in the schemas also increase the difficulty of schema matching. Even with some availability of domain expertise, the task of a schema matching may not be easy.
Much attention has been to paid to schema matching, and a multitude of techniques, also called matchers, have been proposed, e.g., [2, 4, 6, 10, 11] . However, these existing matchers are not infallible, because no matcher is perfect and can return matches with 100% accuracy. Consequently, additional efforts are required for schema matching. In this paper, we proposed a novel matching technique that exploits the order of attributes appearing in the schema structure of query results to discover the matches between the attributes of the source schema and the attributes of the target schema. As is well known, the words in almost every book, we can read, are arranged from the left side to the right side, and this is a habit that people capture information from left to right. For example, given a spreadsheet of some books, people always start from the first column to read, then the second column, etc. As a result, the developers of the applications about the structured information always design the schema structure according to this habit. That is, the more important columns will be arranged at the positions closer to the left side. For example, the column "bookname" in the above spreadsheet may appear in the left-hand side of the column "author"; as such, the column "start time" will be arranged in the left side of the column "arriving time" in the railway timetable. The arrangement of these columns not only embodies the reading habit but also the default rule of some industry. We browse five digital libraries and pose the same query to their respective databases, then present the schema structures of their returned results about books in Figure  1 . Surprisingly, all these libraries arrange the attributes of the book in almost the same order. It is easy to see that the attributes close to the left side are arranged according to the reading habit. However, the extent of the importance among the attributes close to the right side is almost the same, but they also have the similar order. The reason for this behavior is that these libraries fall into the same industry where there exist some default rules. Consequently, we are able to exploit the habits, which are typically conformed by both schemas to be matched, to find matches.
As is clear from the discussion above, different attributes have different importance of structuring the query results to be shown to the final users. As a result, an attribute will hold its own position in the schema structure of the query results. Actually, the appearance order of attributes refers to the positions of attributes appearing in the schema structure. Thus, the statistics about the appearance order of an attribute in a large number of query results can be seen as its identification differing from other attributes. Every query result corresponds to one query statement in the query log. The core idea of our approach is to collect the statistics about the appearance order of attributes from the query logs to find correspondences between attributes in the schemas to be matched. Our approach works in three steps. As the first phase, the query log of each schema is scanned to collect the statistics about the appearance order. We design two types of matrices to structure the statistics and call them feature matrices. One is used to record the information about the position of attributes, while the other is used to record the information about the number of attributes which are behind the current attribute. In the second phase, we consider three types of cardinality constraints for the mappings, which are one-to-one mapping, onto mapping and partial mapping. Then, two scoring functions are considered to measure the similarities of feature matrices of the schemas to be matched with
